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Supporting Information
Total RNA extraction from tissue sample: Tissues samples were snap-frozen on arrival and stored in liquid nitrogen until use. All experiments involving RNA were conducted in an RNase-free environment.
RNase-free water was prepared as follows: Add 0.10 ml Diethylpyrocarbonate (DEPC) to 1000 ml Milli-Q water (≥ 18.2 M Millpore, Corp., Billerica, MA), mix well and let set at room temperature for overnight before autoclaving, cool down to room temperature prior to use. Glassweres were baked at 150ºC for 4 h before use, and plasticweres were soaked in 0.5 M NaOH, rinsed thoroughly with water, and autoclaved.
Total RNA was extracted using TRIzol Reagent (Invitrogen, Carlsbad, CA) according to the manufacturer's recommended protocol. Briefly, Grind 10-50 mg tissue sample in liquid nitrogen for 5-10 s before adding the TRIzol Reagent. Homogenize in 1.0 ml TRIzol Reagent using a power homogenier and incubate the homogenized sample in a 2 ml centrifuge tube for 5 min at room temperature. Add 0.20 ml of chloroform, vortex for 20 s, and incubate for 3 min at room temperature. Centrifuge the sample at 13000 rpm for 15 min at 4ºC. Transfer the upper colorless aqueous phase to a fresh tube and add 0.50 ml isopropyl alcohol (For small quantities of tissues <15 mg, add 5.0 µg RNase-free glycogen before adding isopropyl alcohol).
Incubate the sample at room temperature for 10 min before another 15-min centrifugation at 13000 rpm at 4ºC. At this stage, gel-like total RNA pellet is visible at the side wall and the botom of the tube. Carefully remove the supematant and wash the total RNA pellet with 75% ethanol in DEPC-treated water. Add 1.0 ml 75% ethanol, vortex for 1 min, and centrifuge at 9000 rpm for 5 min at 4ºC. Discard the supematant, and 2 air-dry the RNA pellet for 5 min. Dissolve the total RNA in the RNase-free water by passing the solution several times through a pipette tip, and incubate for 10 min at 55-60ºC. Store the RNA sample in a -80ºC freezer. The yield and quality of total RNA were routinely assessed by gel electrophoresis and UV spectrometric measurements. As shown in Figure S1 , the ratio of 28S rRNA:18S rRNA was found to be about 2.0:1, indicating that high quality and intact RNA was extracted from the tissue samples. [1] Further evidence of the quality of RNA was found in the UV spectrophotometric measurements. Following total RNA extraction, RNA purity was directly verified by UV spectrophotometric measurements from the A 260 :A 280 ratio. It was found that an average A 260 :A 280 ratio of 1.99:1 was obtained (Table S1 ), much greater than the acceptable value of 1.8:1 for high quality RNA. [1] An average of 57 µg total RNA was extracted from 10 mg tissue samples. Figure S1 . Gel electrophoresis of total RNA. were electrophoresed on agarose gel and visualized fluorescently with ethidium bromide staining ( Figure   2S ). As illustrated in Figure 2S , the bands were in good agreement with the expected size of the full-length His4 (312 bp), GAPDH (1008 bp), and BRCA1 (5592 bp) genes, showing successful reverse transcription and PCR amplification. In addition, satisfactory RT-PCR yields for all three genes were obtained (Table   S2 ). However, as compared to the house keeping-gene GAPDH, substantial less amounts of His4 and BRCA1 were obtained due to their low abundance in the mRNA pool. Northern blot analysis of mRNA: Northern blot analysis was carried out as follows: [2] 10í µg total RNA was loaded on a 1.1% denaturing agarose gel containing 1.5 M formaldehyde. Run gel at 5 V/cmV for 3 hours. The separated RNA was then transferred by capillary action to GeneScreen membrane (DuPont, NEN, Boston, MA). The RNA was then crosslinked to the membrane using a Stratalinker (Stratagene, San Diego, CA). Pre-hybridize membrane for 12 hours in 5-10 ml formamide at 42 °C. Hybridization with 32 Plabeled cDNA probes generated by PCR was performed at 42ºC in 50% formamide containing 1×Dehardt's solution, 5×SCC (0.75 M NaCl +75 mM sodium citrate, pH 7.0), 10 mM sodium phosphate (pH 6.8), 1%
SDS, and 5% dextransulfate. The probes were pre-denatured by heating in a water batch for 10 min at 100ºC
and snap-cooled on ice. Before visualization the hybridized membrane was washed twice with 2×SCC for 5 15 min at room temperature and 2×SCC+0.1% SDS at 65ºC. The membrane was wrapped in a Saran wrap before exposure to autoradiographic film overnight at -70-80ºC. Hybridization signals were quantified using a Typhoon 9200 imaging system.
Biosensor optimization: For a successful adaptation of the proposed strategy in ultrasensitive nucleic acid assays, the analytical signal must exclusively be associated with the concentration of the analyzed nucleic acid in a straightforward manner, preferably a simple linear relationship. The first possible cause of complexity lies in the heart of hybridization, because hybridization brings sample nucleic acid to the biosensor, and as a direct consequence, increases the charge density on the biosensor surface. Any dependence of the deposition rate of PANi on the charge density would complicate the system, demanding complex algorithms to "decode" the information. Fortunately, our experiments showed that no obvious dependence is observed in the entire concentration range from femto-to nanomolar, agreeing well with previous study on the effect of polyelectrolyte on the polymerization rate. [3] This is probably due to the fact that HRP only reacts with low molecular weight substrates. Constancy of the PANi deposition rate at various surface charge densities implies that the amount of the aniline involved in the polymerization and deposition is simply proportional to the amount of HRP at the biosensor surface and hence sample nucleic acid concentration.
As mentioned earlier, a linear relationship between the SWV signal (amount of deposited PANi) and sample nucleic acid concentration is highly desired in this system. In the case of PANi deposition, the deposition rate must be determined by one of the following: (i) mass-transport process of aniline in solution, (ii) HRP-catalyzed polymerization process at the biosensor-solution interface, which is dependent on HRP and H 2 O 2 , and (iii) nucleic acid-guided deposition. Under well-controlled conditions, when both the mass-transport and deposition process are much faster than the polymerization process, the deposition rate is then solely controlled by the polymerization process, which in turn, by the total amount of HRP at the biosensor surface at a fixed H 2 O 2 concentration, thereby by the concentration of sample nucleic acid in solution. This sole HRP-controlled process can be achieved by "speeding up" masstransport since deposition rate is fast enough that it never becomes a rate-limiting process, evidenced by the independence of PANi deposition rate on the amount of polyelectrolyte. [3] The mass-transport rate is directly proportional to the concentration of aniline. Higher mass-transport rates are obtainable when working with higher concentrations of aniline. As the aniline concentration increased, the signal rose 7 rapidly and almost linearly at first, but then leveled off until a maximum sensitivity was reached ( Figure   S3A ). It was observed that the peak current is practically independent of aniline concentration at ≥ 20 mM, suggesting that the enzymatic amplification does not appreciably deplete the concentration of monomic aniline, the PANi deposition rate is now solely determined by the amount of HRP brought to the biosensor surface. On the other hand, the sensitivity increased with increasing H 2 O 2 concentration and a maximum was attained at 2.5 mM H 2 O 2 ( Figure S3B ). Higher H 2 O 2 concentrations, e.g. 10 mM, deactivated HRP almost instantly, reflected by a drastic decrease in peak current, consisting with the wellknown mechanism of peroxidase catalysis. [4] Figure S3C depicts the dependence of the SWV peak current on solution pH. The pH of the deposition solution was adjusted by adding a 0.10 M NaOH or a 0.10 M H 2 SO 4 solution. It was found that the pH value of the PANi deposition medium has a profound effect on the SWV peak current of the biosensor. As illustrated in Figure S3C , when the pH value was changed from 2.0 to 4.0, the oxidation current increased sharply, presumably due to the increase in HRP stability and activity. [5] The highest sensitivity was attained at pH 4.0. Further increase in pH resulted in a lower peak current, owing largely to the decreased aniline protonation and a lower proton concentration around the nucleic acid, although the optimal activity of HRP is at pH ~6.5. It is also possible that as the pH increases, the aniline alignment along the nucleic acid template is less than optimal for the head-to-tail polymerization and the ortho branching may become more prevailing, resulting in the deposition of increasingly more electrochemically inactive PANi.
To leverage on the cumulative nature of the process for further improving the sensitivity of the biosensor, a series of SWV tests were conducted. A plot of the peak current at different incubation time is shown in Figure S3D . In all cases, an immediate increase in the SWV peak current was observed due to the deposition of PANi. Interestingly, the sensitivity of the biosensor was proportional to the incubation time throughout, indicating that there is little activity loss of HRP during incubation. However, there is a 8 balance between high sensitivity and assay time. It was found that a 30 min-incubation period is sufficient to detect nucleic acid at femtomolar levels.
